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(54) CIRCUIT BOARD 

(57)Abstract: 

PROBLEM TO BE SOLVED: To provide a highly reliable circuit board having a high heat 
cycle resistance. 

SOLUTION: A circuit board is manufactured by forming a metallic circuit on one surface of a 
ceramic substrate and a metallic heat radiating sheet on the other surface of the substrate; 
and constituting the metallic circuit and/or metallic heat radiating sheet of clad foil composed 
of three or more different kinds of metals. The first kind of metal is bonded to the ceramic 
substrate, and the end section of the first kind of metal is protruded from the end section of 
the second kind of metal. The first, second, and third kinds of metals are aluminum, nickel, 
and copper, respectively, and the protruded length of the first kind of metal from the second 
kind of metal is adjusted to >100 \im. 
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* NOTICES * 

JPO and INPIT are not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2. **** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] the edge of the second metal with which it comes to form a metal heat sink in one field of a 
ceramic substrate in the field of a metallic circuit and another side, and it is the clad foil which consists 
of the second and three or more sorts of more than [ third ] different metals, and, as for the metallic 
circuit and/or a metal heat sink, comes to join the first metal to a ceramic substrate for a start, and the 
edge of the first metal moreover adjoins it -************ ~ the circuit board characterized by things. 
[Claim 2] The circuit board according to claim 1 which is the clad foil with which aluminum consists 
[ the first metal ] and nickel and the third metal consist [ the second metal ] of copper, pushes out as for 
the first metal to the second metal, and is characterized by die length being 100 micrometers or more. 



[Translation done.] 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention aims at improving the dependability of the circuit board about 

amelioration of the circuit board by which it comes to prepare a metallic circuit and a metal heat sink in 
a ceramic substrate. The circuit board of this invention is suitable for the assembly of the power module 
of electronic parts etc. 
[0002] 

[Description of the Prior Art] In recent years, with high-performance-izing of industrial devices, such as 
a robot and a motor, changes of power modules, such as large power and a quantity efficiency inverter, 
are progressing, and the increment also of the heat generated from a semiconductor device is being 
enhanced. In order to carry out stripping of this heat efficiently, more various approaches than before 
have been taken in the power module substrate. Since the ceramic substrate which has good heat 
conduction especially recently can be used, on the substrate, metal plates, such as a copper plate, are 
joined, and since nickel plating etc. is processed, remaining as it is or the structure of mounting a 
semiconductor device is also being adopted after forming a circuit. 

[0003] Although such a module has been used for an easy machine tool at the beginning, it has come to 
be used for the mechanical component of a welder and an electric car, and an electric vehicle in the past 
several years, and the endurance under a severer environmental condition and the further miniaturization 
have come to be required. Then, the improvement of endurance to the increment in the metallic circuit 
thickness for raising current density, a thermal shock, etc. is required also from a ceramic substrate, and 
it corresponds by new manufacture research of a ceramic sintered compact. 
[0004] 

[Problem(s) to be Solved by the Invention] Conventionally, although the circuit board currently used 
widely is a thing of structure which makes it come to form a copper circuit in an alumina substrate or an 
alumimium nitride substrate, in order that it may raise the dependability over the further thermo-cycle- 
proof nature, recently, the thing which made the aluminum circuit form in an alumimium nitride 
substrate is developed. However, since aluminum is inferior to copper in electrical characteristics, such 
as current density, by the time such the circuit board spreads widely, it will not have resulted. 
[0005] This invention is made in view of the above, and the purpose is offering the circuit board of the 
high-reliability excellent in thermo-cycle-proof nature. 
[0006] 

[Means for Solving the Problem] As for this invention, it comes to form a metal heat sink in one field of 
a ceramic substrate in the field of a metallic circuit and another side. Namely, the metallic circuit and/or 
a metal heat sink the edge of the second metal with which it is the clad foil which consists of the second 
and three or more sorts of more than [ third ] different metals, and comes to join the first metal to a 
ceramic substrate for a start, and the edge of the first metal moreover adjoins it —************ — it is 
the circuit board characterized by things. Especially, it is the clad foil with which aluminum consists 
[ the first metal ] and nickel and the third metal consist [ the second metal ] of copper in this circuit 
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board, the first metal to the second metal pushes out, and it is characterized by die length being 100 

micrometers or more. 

[0007] 

[Embodiment of the Invention] If this invention is explained in more detail, since the high voltage of 
hundreds of A and thousands of volts and a high current will flow into the metallic circuit part of the 
circuit board hereafter, current and a copper circuit are mainly used. However, in order for change of the 
environment at the time of use, the heat by switching, etc. to repeat and receive a thermal shock, the 
problem on which a copper circuit exfoliates from the interface of a ceramic substrate with the thermal 
stress by the differential thermal expansion of copper and the ceramics had arisen. 
[0008] It is decided by tensile strength or proof stress that the magnitude will be the mechanical property 
in which not only coefficient of thermal expansion but the metal itself has the thermal stress by the 
differential thermal expansion of copper and the ceramics, and the Lord. Therefore, although what is 
necessary is just to use a metal with tensile strength and proof stress smaller than copper in order to 
make thermal stress mitigate, for the moment, the metal which has such a property and moreover has 
electrical characteristics comparable as copper is not existing. 

[0009] Then, these people proposed forming a metallic circuit and/or a metal heat sink with the clad foil 
which consists of three or more sorts of different metals (Japanese Patent Application No. No. 253076 
[ nine to ], Japanese Patent Application No. No. 305634 [ nine to ]). Namely, it sets for a start in the clad 
foil which consisted of the second, the third, or three or more sorts of different metals beyond it. By 
joining the first small metal of tensile strength or proof stress to a ceramic substrate The thermal stress 
by the differential thermal expansion of a between [ the first metal and a ceramic substrate ] is reduced, 
and it considers as the clad foil structure where the second metal was made to intervene so that the third 
good metal of electrical characteristics may be reacted and diffused with the first metal and it may not 
suit on it. 

[0010] Since a metallic circuit and/or a metal heat sink can be formed by etching by considering as such 
clad foil structure, there is the advantage in which constraint is hardly received in the pattern 
configuration. However, there was a possibility that the dependability of the circuit board raised with 
much trouble might be spoiled as a result of being in the condition that the edge of the first metal was 
able to be scooped out and stress's concentrating on the part, since the dissolution rates to the etching 
reagent of each metal which constitutes the clad foil differ and especially the first metal dissolves more 
quickly than the second and third metal. 

[0011] Then, this invention persons find out that it is avoidable from a highly reliable fear of being 
spoiled by adjusting etching conditions by considering as the structure made [ the edge of the first metal 
joined to the ceramic substrate ] to push out rather than the edge of the second metal contiguous to the 
metal, as a result of inquiring further. 

[0012] As the quality of the material of the ceramic substrate used by this invention, although it is 
silicon nitride, alumimium nitride, an alumina, etc., alumimium nitride is suitable for the power module. 
Since endurance will be lost if too thin [ as thickness of a ceramic substrate, if too thick, thermal 
resistance will become large, and ], about 0.5-0.8mm is desirable. 

[0013] The shape of front planarity of a ceramic substrate is important, and since a very small defect, a 
very small hollow, etc. have a bad influence in case they join the metal plate which are a metallic circuit, 
metal heat sinks, or those precursors to a ceramic substrate, its smooth thing is desirable. Therefore, as 
for a ceramic substrate, it is desirable that polish processing by the honing process, machining, etc. is 
performed. 

[0014] When the configuration metal of the clad foil used by this invention is explained, tensile strength 
and proof stress are small, as the first metal with the role which reduces the thermal stress by the 
differential thermal expansion with the ceramics, aluminum, lead, platinum, etc. are desirable and 
especially aluminum is desirable especially. Moreover, as the third good metal of electrical 
characteristics, copper, silver, gold, aluminum, etc. are desirable and especially copper is desirable 
especially. As the second metal contiguous to the first metal, although titanium, a zirconium, 
molybdenum, a tungsten, nickel, etc. are desirable, especially nickel is desirable especially. As thickness 
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of the configuration metal of a clad foil, it is desirable that 30-200 micrometers and the second metal are 
[ 5-30 micrometers and the third metal ] 100-500 micrometers for the first metal. 
[0015] In this invention, the first metal to the second metal pushes out, and since die length does not hurt 
the high-reliability of clad foil structure, set it to 300 micrometers or more especially 100 micrometers 
or more preferably 10 micrometers or more. 

[0016] In order to push out and to form the metallic circuit and/or metal heat sink of structure, it can 
carry out by the approach of joining the pattern of the approach of etching the zygote of a ceramic 
substrate and a clad foil by such first metal, the circuit pierced from the clad foil, and/or a heat sink to a 
ceramic substrate etc., and the active metal soldering method is used as the junction approach in these 

cases. 

[0017] In the case of the approach of etching the zygote of a ceramic substrate and a clad foil, the class 
of the etching reagent and processing conditions are devised, and it performs them. For example, an 
etching reagent which the first metal is not dissolved but the second and the third metal dissolve first is 
prepared. For example, aluminum and the second metal of the etching reagent are [ nickel and the third 
metal ] hydrogen-peroxide-solution solutions etc., when the first metal is copper. Subsequently, 
although the pattern by the second and the third metal will be formed if it etches after printing to the 
pattern which asks for etching resist to the above-mentioned zygote, the first metal is still in a solid 
condition. Then, after masking the pattern by the second and the third metal, it etches so that it may 
want and push out using alkali water solutions, such as the etching reagent which dissolves the first 
metal, for example, caustic alkali of sodium etc., etc. and die length may remain. 
[0018] Furthermore, the zygote of a ceramic substrate and a clad foil is etched using the etching reagent 
which all the metals that constitute the clad foil dissolve, for example, a cupric-chloride water solution, a 
ferric-chloride water solution, etc. In this case, although a pattern is formed with all the metals that 
constitute the clad foil, it is in the condition that the edge of the first metal with a quick etch rate was 
scooped out by coincidence. Then, after leaving the part which pushes out as for the request by the first 
metal, and serves as die length and masking the second and the third metal, it can push out and the 
metallic circuit and/or metal heat sink of structure can be made to form also by the approach of etching 
with the etching reagent which dissolves the second and third metal. 

[0019] In this invention, although there is especially no limit about the condition of the edge of the third 
metal, it is desirable for there to be nothing jj^^ ^^jg^ second metal, and, as for the 

edge of the third metal, it is desirable to be located the edge of the second metal, an equivalent location, 
or inside the edge of the second metal. 

[0020] The active metal soldering method used by this invention is indicated by JP,60- 177634, A, for 
example. The metal component of wax material uses aluminum and silicon as a principal component, 
and in order to secure wettability with the ceramic substrate at the time of melting, it uses an active 
metal as an accessory constituent. An active metal component reacts with a ceramic substrate, generates 
an oxide and a nitride, and makes firm association with wax material and a ceramic substrate. If the 
example of an active metal is given, they will be titanium, a zirconium, a hafnium, niobium, a tantalum, 
vanadium, and these compounds. As these ratios in this invention, they are per total quantity 100 weight 
section of aluminum 70 - 95 weight sections, silicon 30 - 5 weight sections, and copper 0-5 weight 
sections, an active metal 1-30 weight sections. 560-640 degrees C of virtual junction temperature are 
desirable. 
[0021] 

[Example] Hereafter, an example and the example of a comparison are given and this invention is 
explained concretely. 

[0022] Examples 1-6 At the example 1 of a comparison - an amount rate of duplexs, the aluminium- 
powder 86 section, The toluene solution of the terpineol 15 section and poly isobutyl methacrylate is 
added to the mixed powder 100 section which consists of the silicon powder 10 section, the copper 
powder 4 section, and the hydrogenation titanium powder 15 section. It kneaded, the wax material paste 
was prepared and it was applied to both sides of an alumimium nitride substrate (58mmx32mmx0.65mm 
bending strength: dimension : 40kg[/mm ] 2 thermal conductivity : 170 W/m-K). The coverage in that 
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case (after desiccation) is 3 mg/cm2. It carried out. 

[0023] Next, contact arrangement of the aluminum plate (99.5% dimension: purity : 58mmx32mmx 
0.1mm) was carried out in the spreading side of a wax material paste, under the high vacuum of 1x10 to 
5 or less Torrs of degree of vacuums, after heating at the temperature of 640 degrees C for 30 minutes, it 
cooled at the temperature fall rate for 2-degree-C/, and the zygote was manufactured. 
[0024] Then, the nickel side was contacted to the aluminum side, and was laid, and it joined to the 
aluminum side in both sides of the above-mentioned zygote by heat-treating the clad foil which consists 
of nickel (58mmx32mmxl0micrometer) and copper (58mmx32mmx0.3mm) at the junction furnace of 
an infrared-heating method on the bottom of the high vacuum of 0.1 or less Torr of degree of vacuums, 
and the conditions for 630 degree-Cx 5 minutes. 

[0025] The first metal of the obtained zygote is the structure where both sides of an alumimium nitride 
substrate come to join the clad foil nickel and whose third metal aluminum and the second metal are 
copper in the aluminum side. 

[0026] Subsequently, after applying UV hardening type etching resist to the front rear face of this zygote 
by screen-stencil, it etched on the conditions shown in Table 1, and the circuit board was produced. 
Since the pattern was formed by all the configuration metals of a clad foil after the first processing in the 
examples 1, 3-6, it was shown in Table 1, pushed out, it left the part of die length, resist printing was 
performed again, and the second processing was performed. Moreover, although the pattern was formed 
with the second and the third metal in the example 2 in the phase which performed the first processing, 
since the first metal was in the solid condition, after it performed the second processing and made the 
rough pattern which pushes out and has a part form, it performed the third processing after resist printing 
again, and produced the circuit board which is shown in Table 1 and which pushes out and has die 
length. The example 1 of a comparison continued the first processing and the second processing, and 
performed them. 

[0027] About the circuit board produced through processing of these single strings, the first metal 
(aluminum) to the second metal (nickel) pushed out, and the cross section of the part was measured for 
die length by SEM observation, after grinding, cutting and resin embedding, and. although the result in 
those metal time road surfaces was shown in Table 1, it can set to a metal heat sink side ~ it pushed out 
and die length was almost equivalent to a metal time road surface and it. Table 1 - setting - pushing out 
- of die length — the second metal ~ receiving things - it is shown that an 

example and are scooped out. Moreover, when the edge of the third metal (copper) pushed out and 
having been observed also about the condition, as for ************** and its edge, all were located 
inside the edge of the second metal. 

[0028] Furthermore, the thermo-cycle trial which makes neglect 1 cycle for 25 degree-Cx 10 minutes 
was performed among mind and after -40 degree-Cx 30-minute maintenance, and the number of cycles 
in which a metallic circuit or a metal heat sink exfoliates was measured. Those results are shown in 
Table 1. 
[0029] 
[Table 1] 
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[0030] The silicon nitride substrate (bending strength: 1000kg[/mm ] 2 thermal conductivity : 70 W/m- 
K) was used instead of the example 7 alumimium-nitride substrate, and the circuit board equivalent to an 
example 1 which pushes out and has structure was produced according to the example 1 except having 
used aluminum and the second metal as chromium and having used the third metal as copper for the first 
metal. Consequently, the metaled number of exfoliation generating initiation cycles was 50000 times. 
[0031] 

[Effect of the Invention] According to this invention, the circuit board of the high-reliability excellent in 
thermo-cycle-proof nature is offered. 



[Translation done.] 
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[0020] ^wnx'm\^t,ixh^±mh^mm<,z 

30 ov^Tti, ^J;t{f#^^6 0-1 776 3 4^^fgtCia 

^)^y^±jS.-9ft L. ?§a>»cO-fe^ 5 -y :J'X^t«?i 

JSfig^^Ji: , -Ir 7 S "/ ^' XS« t LTi^-ftift^mbl* 
^±«L. >5.dfft-b7S y;?XS«i:£r)iji±-^S:3$E|;5r 

. i.^zixh<7:)it-^X'hh.:¥%mziii,'rhzfih(r>Vc 

*ttT«i. r;l'S-'>J:>.7 0~9 5M;g|5, i^Uny 
40 3 0-5««g|5&tXiB0-5li*^<0^f«l 0 OS* 

Uhfz*). vStt^JB 1-30 MguT'* h . g^^as 

Ji. 5 6 0~6 4 0""C*^attV^, 
[002 1] 

mtmn wt. *5iHBS-^jfi«aii:Jt«0'JSr*>(f-c** 

[0 02 2] SI]Si^|l-6 itlS^Jl-2 
SiiiJ-g-T-, r;l^5-'>AirM8 6la5, v-U 3^15^*1 
OgP, $if7^*4^&y>K«Yb^i?'-'>A«,^*l 5a5*><^ 
^•l.igM)'*l 0 0g|5{::x>'i-b°;t-;t-yH 5gPi:.-KU^ 
50 V-f^)i')i^T7^)V-h<r)h)V:siyWmi:Ml.W^ 



(4) 



1^1 1-251698 



SIR ("tffi : 58mmX3 2mmX0. 65mm Mf 
^§ : 4 0 k g/mm2 Bim^ : 1 7 OW/m • 
K) COWffllC^LJt. ^(Dmcom^M mtMk) J13 
mg/c t Lfz. 

[ 0 0 2 3 ] »:tc, ^0 ^^-^ hco^fljffitcTyt/ s - 

(Jifij^: 9 9. 5% ^a:58mmX32mm 
XO. 1mm) S:«MttiE«L, «SJglXlO-6Tor 

•^Afflt::, (58mmX32mmxiO//m) 
tffl (58mmX32mmX0. 3mm ) ^^^^'ST'S 

T«aL. *i'h^ail«*5C<^SE-&^T\ KfflKO. IT 
o r r m<n-m&-f. 6 3 OX;x 5^i-<0^ftT1»«ra 

[0025] m-o^iS*?r;i/S:i 

[ 0 0 2 6 ] ijjv ^-c. cO^^O^ffifc U V?g{t^' 

L/cf^. ^ItS^-r^ffT'X.yf-yT'Srffi^lllg&ffi^S: 

ifmtf^. mmm i , 3 ~ 6 xum-^m<Dimzii ^ y 
•y m<^m^^^<7)^xizx '^x^'^^-yijm&^tix 
\,^fc(r)X\ mitzifi^ti?,-^'oiiiiJ^^<m^intx* 



mm 2 x'lm-mmi'ff rMfsx-ii . mz t mE.(o± 

[0027] zhi^-mmmmxi'm^tifmnm 
mi,z^^^x. m~<r>±M, (-•y^;i^) izm-h^-<7)± 

SriajBr • ffliiiaa • sfSL^cfn, s E umsiizx <omM 

Lf^. ^ixc,cr)±mmizmh^^imnz9r:ltz 

^titimwmx'h-:,tz. mnz}5\.^x. -li-oaiu*? 
^mm) (r>^m^t^tiiimiz-:>\,^xhmmLtit 

[0028] mz, ^'t'. -4 0°CX 3 O^iSl^f*. 2 

5x:x 1 owmMii^Aif>\^tti^~w^i\^ 

(0029 ] 
[^1] 













u ra 








mm 


•c 


ms. 




»^ 


•c 


mm 




am 




mm 


mm 




1 


CuCU 


50 


1.5 


30 




50 


10 


10 










4 500 


10000 




2 


H202 


60 




60 


NaOH 


50 


5 


20 




60 


10 


10 


+ 500 


10000 


#*) 


3 


Feci, 


50 


1.5 


30 


H.O. 


50 


10 


10 










41000 


20000 


4 


PeCls 


SO 


1.5 


30 


H2OX 


50 


2 


5 










f30 


5000 




5 


FeCIs 


50 


1. 5 


30 


H>0, 


50 


5 


5 










+ 100 


6000 




6 


FeCU 


50 


1.5 


30 


H,0, 


50 


10 


5 










+ 200 


8000 


it 


1 


HiOi 


60 


15X 


60 


NiQH 


50 


5 


20 










-200 


3200 


2 




50 


1.5 


30 


















-150 


3100 



[00 3 0] ^MM7 xj^'QA, ^E.<7)±mimizLfz.itm-ii. mmmuz 

m^tTJl■5~^J^mum-hKll>zm^t■r■imm^ (mf mtxmmmi tm^coit^iaLmmtr^t^'^^m 

3$^: 1000kg/mm2 : 7 OW/m • ^imttz. -?-«OSsg*, ^mcr>mmm.mih^-f 

K) $:fflV\ IS-(?)^)B5:r/l^5-':7A. HZW^MJ- i8 50 <i5 0 0 0 0IlirS>-5>t. 



(5) 



mm'f-l 1-2 5 1 698 



[0031] 



7 



8 



